In previous studies, we have developed molecular markers linked to the AST locus that controls fruit astringency type in persimmon; however, these markers are not feasible for practical application to breeding programs since they are not fully effective for discriminating the pollination constant and non-astringent (PCNA) genotype from the non-PCNA genotype in a progeny derived from 'Kurokuma'. Here we developed new sequence characterized amplified region (SCAR) markers that enable easy and reliable selection of the PCNA genotype from breeding populations. Genomic regions adjacent to probe 5R, which showed polymorphic fragments between PCNA and non-PCNA genotypes in restriction fragment length polymorphism (RFLP) analysis, were isolated from the genomic libraries of 'Nishimura-wase', 'Jiro', and 'Kurokuma'-derived offspring. The isolated genomic regions were characterized and 3 insertion/deletion mutations were observed between ast-and AST-linked regions. Several primers were designed in the flanking region of Indel-3 and, in multiplex PCR, it was shown that using 2 forward primers, AST-F and PCNA-F and a reverse primer, 5R3R, is the most useful and reliable primer set. The ASTlinked 220-bp fragment proved to be a common marker of 'Kurokuma'-, 'Nisimura-wase'-and 'Aizumishirazu'-derived progenies. This multiplex PCR is considered the most practical tool for marker-assisted selection (MAS) and can enhance and accelerate progress in persimmon breeding.
Introduction
The process of the accumulation and insolubilization of tannins in persimmon (Diospyros kaki Thunb.) fruit varies among cultivars and is the key factor determining fruit astringency type. Fruit astringency type of persimmon cultivars is classified into four types (Hume, 1914; Kajiura, 1946) and, the pollination-constant and non-astringent (PCNA) type is the most preferable cultivar for fresh consumption among the four types. The PCNA type is characterized by stable and natural loss of astringency; this character is caused by lack of the ability to accumulate a large amount of tannins (Yonemori and Matsushima, 1985) . This trait of the PCNA type is a qualitatively inherited character and a recessive trait controlled by a single gene (Ikeda et al., 1985; Yamada and Sato, 2002) . Most offspring were the non-PCNA type from crosses between PCNA-and non-PCNA-type local cultivars, and only around 15% PCNAtype offspring were obtained from backcrosses of (PCNA × non-PCNA) × PCNA (Ikeda et al., 1985) . In contrast, all offspring were the PCNA type from crosses between PCNA types; therefore, only crosses between PCNA types have been performed in breeding to develop new superior PCNA cultivars; however, inbreeding depression has hindered breeding programs (Yamada, 2005) . Only 18 local PCNA-type cultivars were available, excluding their budsports and synonyms, and seemed to be related, whereas there are very many non-PCNA-type cultivars in Japan and Eastern Asia. Consequently, there is little doubt that the backcross approach is important, and marker-assisted selection (MAS) in distinguishing the PCNA type from the non-PCNA type is indispensable for the success of backcross breeding in terms of efficiency. So far, we have isolated molecular markers closely linked to the locus controlling the PCNA/non-PCNA trait, which we have termed the AST locus, in order to develop MAS system for breeding programs (Kanzaki et al., 2001 (Kanzaki et al., , 2008 .
Since the cultivated persimmon is a hexaploid (Tamura et al., 1998) and segregation analysis of the molecular markers has indicated polysomic inheritance of the AST locus (Kanzaki et al., 2008) , it is necessary to consider that multiple alleles are located at the single AST locus. Recently, Akagi et al. (2009) used quantitative real-time PCR to determine the allele dosage at the AST locus and suggested that 6 alleles could be involved in the single AST locus. The allele dosage does not affect the fruit astringency type, i.e., the presence of 1 dominant AST allele is sufficient to express the non-PCNA trait, and the PCNA trait is expressed only when all the alleles at the locus are recessive ast alleles; therefore, detecting the presence of the dominant AST allele regardless of the allele dosage is a prerequisite for MAS of the PCNA genotype.
In the previous study, sequence characterized amplified region (SCAR) markers were designed and proved to be effective for detecting AST alleles in certain breeding populations ; however, these are not feasible for practical application in MAS since they are not fully effective for discriminating the PCNA genotype from the non-PCNA genotype in a progeny derived from 'Kurokuma', which is a non-PCNA-type cultivar, and a promising candidate parent in breeding programs due to its superior characteristics. 'Kurokuma' possesses three dominant AST alleles at the locus and, in the previous study, it was shown that two of the three dominant AST alleles in 'Kurokuma' were linked with the SCAR markers, PCR-A1 and PCR-A2, while the remaining allele showed cosegregation with neither SCAR marker , which is a great disadvantage of SCAR markers. The primary reason why MAS for the PCNA genotype has been highly desired in persimmon-breeding programs is that we face the necessity of broadening the genetic base of breeding materials by utilizing an appropriate non-PCNA genotype as a donor parent to avoid inbreeding depression by repetitive crossing among PCNA genotypes (Yamada, 2005; Yamada et al., 1994; Yonemori et al., 2000) . 'Kurokuma' is considered the most appropriate donor parent for this purpose since it has many excellent characteristics that breeders have been seeking to introduce into PCNA-type cultivars, e.g., vigorous growth, high yield, large fruit, long shelf life, and so on; therefore, the inaccuracy of MAS in a 'Kurokuma'-derived progeny needs to be obviated for practical use in breeding programs.
Here we aimed at developing new SCAR markers that enable easy and reliable selection of the PCNA genotype from breeding populations including 'Kurokuma'-derived progenies. In complementary study (Akagi et al., 2006) , a fosmid contig was constructed for Diospyros lotus, which is a diploid relative of D. kaki. In the present study, one of the fosmid-end regions, the 5R region, isolated from a genomic library of D. lotus was used as a probe to isolate the AST-linked region that was negative towards previous SCAR markers. The isolated regions were characterized and suitable primer sets for MAS were designed at the region adjacent to probe 5R. Furthermore, we also report the development of a multiplex PCR method for practical application of the marker.
Materials and Methods

Plant materials
Two 'Kurokuma'-derived progenies, KU-325 and BC-471, were used in this study. Progeny KU-325, which was used in our previous study , was derived from a cross 'Kurokuma' × 'Taishu' (PCNAtype cultivar). One offspring of KU-325, 325-22, which is negative toward both the preexisting SCAR markers, was crossed with a PCNA-type selection 109-27, and the resultant progeny was progeny BC-471. Genomic libraries were constructed from the genomic DNA of a PCNA-type 'Jiro', a non-PCNA-type 'Nishimura-wase' and 471-3, which is a non-PCNA-type offspring of BC-471. Additionally, individuals from 'Nishimura-wase'-derived (FU-170) and 'Aizumishirazu'-derived (FU-275) progenies, which were used in the previous study (Kanzaki et al., 2008) , were used for assessing the efficiency of PCR-based markers with regard to selecting the PCNA genotype.
RFLP analysis
Total DNA was extracted from 1 g fresh mature leaves sampled from each offspring from progeny BC-471. The Nucleon Phytopure plant DNA extraction kit (GE Healthcare Bio-Sciences, England) was used for this DNA extraction. The 5R region, which is a fosmid-end sequence isolated from a fosmid library of D. lotus (Akakgi et al., 2006) , was labeled using the PCR DIG Probe synthesis kit (Roche, Switzerland) and used as a probe for RFLP analysis. Total DNA (20 μg) was digested with HindIII and run on 0.8% agarose gel, transferred to a nylon membrane (Hybond-N; GE Healthcare Bio-Science), and probed with probe 5R. The blots were washed under high stringency conditions, and immunological detection of the hybridization was carried out using the anti-DIG-alkaline phosphate conjugate and the chemiluminescent substrate CDP-Star (Roche).
Construction and screening of fosmid libraries
Total DNA of 'Jiro', 'Nishimura-wase' and 471-3 was extracted from 5 g fresh mature leaves of each plant by the CTAB method of Doyle and Doyle (1987) followed by additional phenol extraction and PEG (MW8000) precipitation for DNA purification. Total DNA (30 μg) was separated on a 0.3% agarose gel. The gel containing the 35 to 40-kb region of genomic DNA was excised and embedded in 1% agarose gel. Genomic DNA was purified from the agarose gel with TaKaRa RECOCHIP (Takara Bio, Japan). The resultant DNA was cloned into pCCFOS vector (Epicentre Technologies, USA), and packaged using MaxPlax packaging extract (Epicentre Technologies) according to the manufacturer's manual. The packaged libraries were plated with E. coli EPI300 (Epicentre Technologies) and screened by colony hybridization with probe EACC/MCTA-400 (Kanzaki et al., 2001) or probe 5R, which was labeled with digoxigenin (DIG). Colorimetric detection was conducted according to the manufacturer's manual (Roche), and positive clones were isolated using the FosmidMAX DNA purification kit (Epicentre Technologies).
Sequencing and amplification of marker fragments
Isolated clones from 'Nishimura-wase' and 'Jiro' libraries were roughly sequenced by shotgun sequence analysis at the Dragon Genomics Center (Takara Bio). The region adjacent to 5R in clones from the 471-3 library was determined using the Dynamic ET Terminator Cycle Sequencing Kit (GE Healthcare BioSciences) and the ABI PRISM 3100 Genetic Analyzer (Applied Biosystems, USA) according to the manufacturer's manual. Several primers were designed around the insertion/deletion mutation existing in the probe region, and three forward primers, namely 7H9F, AST-F and PCNA-F, and two reverse primers, AST-R and 5R3R, were selected as candidate primers (Table 1 and Fig. 2B) . PCR was performed with several combinations of primers in a total volume of 25 μL, containing 0.2 mM of each dNTP, 1 U of Ex Taq (Takara Bio), 0.5 μM of each primer, 1 × reaction buffer, and 50 ng of the total DNA sample. The PCR conditions were as follows: initial denaturation at 96°C for 30 s, followed by 30 cycles of 96°C for 10 sec, 55°C (primer set: AST-F/AST-R) or 57°C (primer set: 7H9F/AST-R) for 30 sec, and 72°C for 30 sec, and then additional extension was carried out at 72°C for 1 min. Multiplex PCR was performed in the same reaction buffer as above, but by using three primers, AST-F, PCNA-F and 5R3R, at a final concentration of 0.2 μM of each primer. The thermal cycle for multiplex PCR was as follows: initial denaturation at 96°C for 30 s, followed by 30 cycles of 96°C for 10 sec, 60°C for 10 sec, and 72°C for 30 sec, and then additional extension was carried out at 72°C for 1 min. The amplified products of PCR were run on a 1.8% agarose gel and visualized by ethidium bromide staining.
Results and Discussion
RFLP analysis of progeny BC-471
RFLP analysis using probe 5R showed a polymorphic fragment measuring approximately 9 kb in progeny BC-471 (Fig. 1) . The 9-kb fragment showed 1 : 1 segregation among 29 BC-471 offspring; 17 and 12 offspring were marker-positive and marker-negative, respectively. Thereafter, the fruit astringency type was determined by the sensory test in 24 out of the 29 BC-471 offspring, and 13 and 11 offspring were determined as non-PCNA and PCNA types, respectively (data not shown). Complete cosegregation of the 9-kb RFLP marker with the non-PCNA phenotype was observed in the 24 offspring; all 13 non-PCNA-type offspring and no 11 PCNA-type offspring possessed the 9-kb marker. The 1 : 1 segregation of PCNA-and non-PCNA-type offspring indicated that the non-PCNA-type parent, 325-22, possesses only one dominant AST allele, whether tetrasomic or hexasomic inheritance of the locus is assumed (Ikegami et al., 2006) . Therefore, we concluded that the 9-kb RFLP fragment detected with probe 5R was linked to the AST allele, which was negative for the preexisting SCAR markers and segregated in BC-471. In the previous study, it was shown that two of the three dominant AST alleles in 'Kurokuma' were linked with the PCR-A1 and PCR-A2 markers, indicating that 'Kurokuma' possesses two marker regions corresponding to A1 and A2 regions of 'Nishimura-wase' ). Then, we termed the third type of the ASTlinked region in 'Kurokuma', which segregated in the progeny BC-471, as the A3 region. Characterization of the adjacent region of probe 5R First, the genomic libraries of 'Jiro' and 'Nishimura-wase' were screened with the EACC/MCTA-400 probe. A positive clone, N-A1, was isolated from 'Nishimurawase' library and DNA blot analysis confirmed that N-A1 contained both EACC/MCTA-400 and 5R regions ( Fig. 2A) . Using the draft sequence of this clone, the physical distance between EACC/MCTA-400 and 5R was estimated to be approximately 22 kb. On the other hand, the fosmid clone, J-NA1, which was isolated from the 'Jiro' library, did not cover the region of probe 5R, although clone J-NA1 reached 25 kb from EACC/ MCTA-400 ( Fig. 2A) . So, the 'Jiro' library was further screened with probe 5R and, consequently, a fosmid clone J-NA2 was isolated. The right end of J-NA1 overlapped the left end of J-NA2. The draft sequence of the two clones showed that the physical distance between probe EACC/MCTA-400 and 5R was approximately 30 kb in the genomic region of 'Jiro'. Three large insertion/deletion mutations (indels), namely Indel-1, -2, and -3, existed between the two probe regions ( Fig. 2A) .
The genomic library of 471-3 was also screened with probe 5R, and two positive clones, An2-1 and An23, were isolated. As shown in Figure 2A , the distance between the fosmid-end sequence of An2-1 and An23 in the clone An2-1 was approximately 4 kb, while the corresponding length in J-NA1 was 14 kb. This implies that the 10-kb fragment, including probe EACC/MCTA-400, was deleted in the A3 region. As the preexisting markers were designed in the region adjacent to EACC/ MCTA-400 , this large deletion in the A3 region was responsible for the inability to detect the third AST allele of 'Kurokuma' by preexisting markers.
Evaluating the applicability of SCAR markers
Several primers were designed in the flanking region of Indel-3 (Fig. 2B, Table 1 ). First, progeny KU-325, in which all offspring are the non-PCNA type, was used for evaluating the utility of primer combinations. Segregation of the preexisting markers in KU-325 is shown in Figure 3A and 3B (reprinted from . Two offspring (lane 1 and lane 6 in Fig. 3) showed neither the PCR-A1 nor PCR-A2 marker; however, when PCR was performed on KU-325 progeny using primer 7H9F/AST-R, the AST-linked 410-bp fragment was detected in both offspring (Fig. 3C) . Instead, one offspring (lane 4 in Fig. 3) did not show the expected 410-bp fragment with primer 7H9F/AST-R, while the PCR-A1 marker was present in this offspring. This suggested that primer 7H9F/AST-R is not applicable to the detection of A1 region of 'Kurokuma'; therefore, this primer combination is not useful for MAS.
On the other hand, the expected 190-bp fragment was amplified in all offspring of KU-325 when the primer combination AST-F/AST-R was tested (Fig. 3D) . It was shown that A1, A2, and A3 regions in 'Kurokuma' are polymorphic to each other, but the fact that all offspring of KU-325 showed the 190-bp fragment by primer pair AST-F/AST-R suggests that it must be a common marker of the three allelic regions. When primer pair AST-F/ AST-R was applied to progeny BC-471, the 190-bp fragment showed 1 : 1 segregation and cosegregated with the non-PCNA phenotype (Fig. 4A) . Furthermore, complete cosegregation of the 190-bp fragment with the Table 1 . Numbers show the position of the primers from the left end of the 5R region. Three primers, AST-F, PCNA-F and 5R3R, were used for multiplex PCR.
non-PCNA phenotype was confirmed in the other two progenies, FU-170 and FU-275, suggesting that A1, A2 and A3 regions from 'Kurokuma', 'Nisimura-wase' or 'Aizumishirazu' can be detected by a single PCR with the primer pair AST-F/AST-R (Table 2) . The 190-bp fragment of AST-F/AST-R is a dominant marker linked to AST allele(s), and an offspring that is negative toward this marker can be determined to be the PCNA genotype. In practical application, however, some samples show no amplification products due to the failure of PCR; this is the possible cause of misclassification. Thus, a codominant marker is more desirable because the fragment linked to the recessive ast allele can be used as an internal-positive control for the amplification reaction. The primer set AST-F/AST-R itself might be used as a codominant marker if a PCR cycle with a longer extension time is applied; however, to shorten the target length of the amplicon, we designed another forward primer, PCNA-F, for applying to multiplex PCR with 2 forward and 1 reverse primers. As the reverse primer AST-R did not show a good result with the simultaneous amplification of AST-and ast-linked regions (data not shown), another reverse primer 5R3R was used for multiplex PCR. Two fragments of 220 bp and 350 bp, which represented AST-and ast-linked regions, respectively, were clearly amplified by multiplex PCR (Fig. 4B) . The effectiveness and reliability of multiplex PCR using the three primers were confirmed in all progenies tested in this study (Table 2) . Thus, at present, we believe that this is the most useful and applicable method for detecting the AST allele in breeding populations.
In conclusion, we successfully developed reliable and useful markers for MAS in persimmon breeding. The AST-linked 220-bp fragment of multiplex PCR proved to be a common marker of 'Kurokuma'-, 'Nisimurawase'-and 'Aizumishirazu'-derived progenies. In addition, the short length of the target amplicons and codominant nature of the markers must be the advantages for practical application. As mentioned in the previous paper , allele-specific markers in the AST-linked region can be useful tools for genetic analysis in persimmon, which shows a complex polysomic inheritance. Therefore, polymorphic segments among AST-linked regions are worthy of genetic analysis at the locus although such polymorphisms make it difficult to develop a universal SCAR marker. Needless to say, designing a truly universal marker may be difficult unless the AST gene itself is identified. The markers may not be effective for other breeding populations in which an AST allele having a mutated marker region is segregated. Nevertheless, at present, the multiplex PCR method developed in this study is considered the most practically applicable tool for MAS and can enhance and accelerate progress in persimmon breeding. Table 2 . Amplification of allelic regions from three different donor parents using five primer pairs. Multiplex PCR using primer AST-F/PCNA-F/5R3R can be applied to all alleles in the AST-linked region in these cultivars.
+: Amplification, −: No-amplification, n.t.: not tested z Reported in the previous study 
